The Co II cation in poly [[aqua(-benzene- 
Introduction
The design and synthesis of structures with one-, two-or threedimensional architectures is nowadays a feasible and well established field (Desiraju, 1989; Simon & Bassoul, 2000) . The general strategy relies on the use of multidentate O-or N-donor ligands with the ability to bridge metal centres into a varied range of polymeric structures, from very simple to extremely intricate ones. In this respect, the 4,4 0 -bipyridine (bpy) ligand is perhaps the most commonly used linear spacer, able to form (on its own) polymers of different dimensionality, viz. one- (Liu et al., 2009) , two- (Habermehl & Loeb, 2007) or, in conjunction with polycarboxylic acids, three-dimensional (Li et al., 2005) .
From the many systems with bpy ligands studied so far, that involving transition metal centres (Tr) and benzene-1,2-dicarboxylate (pht) attracted our interest due to the many different species obtainable through slight variations in the synthetic conditions, differences which involve not only the cation-to-ligands ratio, but also the number of aqua ligands and solvent water molecules. For simplicity, in what follows we shall represent a general formula of the form Tr(pht) n1 -(bpy) n2 (H 2 O) n3 Á(H 2 O) n4 by the shorthand notation n1:n2:-n3:(n4).
A search of the Cambridge Structural Database (CSD, Version 5.34; Allen, 2002) revealed five different formulations within this general family (see Table 1 ). Analysis of the original reports allows us to infer some general trends regarding the sensitivity of the formulation towards synthetic conditions (temperature), namely that compounds in the most populated group A [1:1:2:(2)] derive from lower-temperature conditions (thermodynamic control), while the rest appear at higher temperatures (kinetic control).
Trying to fine-tune this temperature dependence in the case of Tr = Co, we obtained (see Experimental) the so far unreported 1:1:1:(3) polymeric complex poly [[aqua(-benzene 0 -bipyridine), (I). The complex is the Co isologue of its previously reported Ni counterpart (Yang et al., 2003) .
Experimental

Synthesis and crystallization
The title compound was synthesized hydrothermally from cobalt(II) chloride hexahydrate (0.119 g, 0.5 mmol), 4,4 0 -bipyridine (0.156 g, 1.0 mmol) and potassium hydrogen phthalate (0.102 g, 0.5 mmol) mixed with water (10 ml). The mixture was heated in a 23 ml Teflon-lined stainless steel vessel to 473 K for 4 d. The vessel was then cooled to room temperature at a rate of 5 K h
À1
. Beautiful red prismatic crystals of (I) were separated from the solution. Analysis for C 18 H 20 CoN 2 O 8 found (calculated) : C 48.3 (47.91), H 4.3 (4.47) , N 6.4% (6.21%).
Differential scanning calorimetry (DSC) experiments on selected single crystals were conducted on a Shimadzu DSC-50 apparatus at a heating rate of 5 K min À1 under an N 2 atmos-phere, using aluminium pans. Thermogravimetric analysis (TGA) was performed under similar conditions using a Shimadzu TGA-51H thermobalance. Elemental analyses were carried out at the Servicio a Terceros of INQUIMAE on a Carlo Erba CHNS-O EA1108 analyser. Diffuse reflectance spectra were acquired on a pressed sample (Na 2 SO 4 diluted) on an Ocean Optics instrument (OOIBase32) with a 50 mm integrating sphere. Typical corrections were applied; the corrected reflectance value for a given sample was thus calculated as R = (Sa À D)/(Ref À D), where Sa, Ref and D stand for the measured values for that sample, for the reference and in the dark, respectively. The K/S coefficient, where K = (1 À R) 2 and S = 2R, has been plotted against . For compound (I): max = 490 nm; for the dehydration product: max = 550 nm
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . In the specimen analysed, water atoms O3W and O4W appeared slightly underpopulated, but refinement of their site-occupancy factors showed an oscillating behaviour due to severe correlation with the corresponding displacement parameters. In order to circumvent this problem, after a few cycles of refinement they were kept fixed at the average value (0.8 and 0.7, respectively) of those they had attained in the preceding cycles. H atoms attached to atoms O1W and O2W were clearly seen in the difference map; those for atoms O3W and O4W could not be reliably assigned, and the most probable peaks were included in the model and refined with stringent internal restraints [O-H = 0.850 (1) Å and HÁ Á ÁH = 1. 
Group A, (17) Å ], the octahedron appears somewhat distorted due to the coordination angles departing significantly from their ideal values, mainly due to chelation of pht [cis/trans angles = 90AE7.52 (7) and 180AE10.29 (7) ]. The stability of the research papers Table 4 -contacts (Å , ).
Results and discussion
Cg1 is the centroid of the C11/C21/C31/C41/C51/C61 ring and Cg2 that of the N12/C12/C22/C32/C42/C52 ring. IPD is the mean interplanar distance (average distance from one of the planes to the neighbouring centroid), CCD the centre-to-centre distance and DA the dihedral angle between planes; for details, see Janiak (2000) . (17) 3.48 (5) 16.39 (14) coordinated assembly is enhanced by an intramolecularinteraction between the pht group and one of the substituted aromatic rings in bpy ( Fig. 1 and Table 4 ). The overall structure can be described as formed by columnar Co-pht arrays (Fig. 2 , right inset), with the tricoordinated anions binding one Co II cation in chelating mode via atoms O21 and O31 from two different carboxylate groups, while bridging a second cation through atom O41. The result is a zigzag chain built up around a 2 1 axis, running along [010] , as shown in the inset. The chain cohesion is enhanced by an intra-chain hydrogen bond (first entry in Table 5 ). These one-dimensional structures are in turn linked along [001] by the bpy ligand, acting in its usual bridging mode (Fig. 2, lower inset) , to form a firmly bound two-dimensional structure parallel to (100).
Finally, these sheets are stacked along [100] to form the final crystal structure (Fig. 3a) . This stacking of planes is held together by the solvent water molecules (O2W, O3W and O4W, the latter two being slightly underpopulated in the specific sample measured; see Refinement for details), hydrogen bonded to each other (third, sixth and eighth entries in Table 5 ) to form very labile zigzag ribbons (Fig. 3b) parallel to the Co-pht chains and filling the interplanar spacing. This hydrophilic structure is parallel to the shortest crystallographic direction, as predicted by the empirical rule of Infantes & Motherwell (2002) , and provides the interplanar linkage. This connection is achieved through outgoing hydrogen bonds (having the only uncoordinated carboxylate O atom, O11, as the acceptor; fourth, fifth and seventh entries in Table 5 ) and incoming ones (second entry in Table 5 ), thus generating the resulting three-dimensional framework. Compound (I) can thus be considered as a TBG (templated by guests) porous coordination polymer, following Kitagawa's classification (Tanaka & Kitagawa, 2008) .
Water cyclic oligomers are often found in metal-organic frameworks (MOFs) and are nowadays actively investigated as models for understanding the properties of bulk water (Mascal et al., 2006) . Dimers, tetramers, pentamers, hexamers, octamers and decamers have been identified (Bernini et al., 2012; Colak et al., 2010; Ghosh & Bharadwaj, 2003; Ma et al., 2005; Song et al., 2006; Sun et al., 2007; Yang et al., 2003 Yang et al., , 2006 Zhang et al., 2005) in different compounds. In most cases, these oligomers contain only water molecules and are attached to the MOF structure via hydrogen bonds. In (I), two kinds of tetramers are found, viz. O2W-O3W-O11 iv -O4W (type A, an AD-AD-AA-DD cluster, where A indicates a hydrogen-bond acceptor and D a hydrogen-bond donor) and O2W-O3W-O4W iv -O11
iii (type B, a DD-AD-AD-AA cluster) which also involves an O atom belonging to the MOF framework; this type is quite rare (Colak et al., 2010; Yang et al., 2003) [symmetry code: (iii) x, y + 1, z; (iv) Àx, y + Table 5 Hydrogen-bond geometry (Å , ). Symmetry codes: (iii) x; y þ 1; z; (iv) Àx; y þ 1 2 ; Àz.
comment. Three different factors seem to influence the OÁ Á ÁO distances in water clusters in confined environments: the nuclearity of each cluster, the degree of condensation of adjacent clusters, and the influence of the framework. The lack of a clear means of establishing their relative influences precludes further interpretations. The crystallographic characteristics of the water 'substructure' suggested that gentle heating of (I) could result in the loss of all three solvent water molecules in a low temperature range. TGA and DSC analyses (Fig. 4) gave quantitative results consistent with an overall loss of three H 2 O molecules per formula unit in the temperature range 380-400 K. In particular, DSC runs on individual single crystals of (I) showed an endothermic peak from 370 to 400 K with an enthalpy change of 116 kJ mol À1 , consistent with the vaporization heat of 3 moles of water at 370 K (Dortmund Data Bank; http://www.ddbst.com). On the other hand, TGA studies on higher masses showed a 12.5% mass loss at 375-405 K (calculated for three H 2 O molecules: 12.0%). A ca 5.5% mass loss, consistent with the leaving of the fourth water molecule (calculated 4.0%), was detected at ca 450 K. Consistent with the important stabilizing role fulfilled by the solvent water molecules, the resulting dehydration product was a powder of poor crystallinity.
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